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Men’s voices and women’s choices
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I investigated the relationship between male human vocal characteristics and female judgements about
the speaker. Thirty-four males were recorded uttering five vowels and measures were taken, from power
spectrums, of the first five harmonic frequencies, overall peak frequency and formant frequencies
(emphasized, resonance, frequencies within the vowel). Male body measures were also taken (age, weight,
height, and hip and shoulder width) and the men were asked whether they had chest hair. The recordings
were then played to female judges, who were asked to rate the males’ attractiveness, age, weight and
height, and to estimate the muscularity of the speaker and whether he had a hairy chest. Men with voices
in which there were closely spaced, low-frequency harmonics were judged as being more attractive, older
and heavier, more likely to have a hairy chest and of a more muscular body type. There was no
relationship between any vocal and body characteristic. The judges’ estimates were incorrect except for
weight. They showed extremely strong agreement on all judgements. The results imply that there could
be sexual selection through female choice for male vocal characteristics, deeper voices being preferred.
However, the function of the preference is unclear given that the estimates were generally incorrect.
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Relationships between acoustic parameters and body
size (Appleby & Redpath 1997; Giacoma et al. 1997),
hormonal status (Fusani et al. 1994; Beani et al. 1995) and
age (Ballintijn & ten Cate 1997) have been found in a
number of taxa (birds, anurans and some mammals).
However, the relationships between acoustic parameters
and individual characteristics in primates (including
humans) appear to be more complex (Lass & Brown 1978;
van Dommelen 1993; Hauser 1993).

One commonly found relationship, in nonprimate
species, is between the acoustic frequency of a vocaliz-
ation and body size: larger individuals produce lower-
frequency sounds (Morton 1977; Howard & Young 1998).
The relationship between body size and frequency holds
across primate species (Hauser 1993), but not within
species (Fitch 1997). Most people believe that a deep
human voice (i.e. a low-frequency voice) indicates a larger
person, although this is not true (van Dommelen &
Moxness 1995). As pointed out by Fitch (1997), this is not
surprising when one considers the structure of the vocal
apparatus in primates. The fundamental frequency of the
voice, in both nonhuman primates and humans, is
dependent upon the thickness and size of the vocal folds
(Fant 1960; Lieberman 1984; Schön Ybarra 1995) which
are soft tissues. Testosterone increases the size and
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thickness of the folds (Hollien 1960; Beckford et al. 1985).
Changes in the vocal apparatus occur at the same time as
changes in body shape and size during puberty, but the
relative increase in the size of the vocal folds is greater
than that in body size (Hollien et al. 1994) and is
independent of measures of skeletal size (Beckford et al.
1985). During adolescence, there is a correlation between
vocal frequency and body size, because body size
increases and the voice deepens simultaneously, although
the correlation disappears during the latter stages of
puberty (Hollien et al. 1994).

However, some information about body size is con-
tained in the vocalizations of primates. The vocal tract is
made up of hard tissue, its length being related to both
skull and skeletal size (Fitch & Hauser 1995; Fitch 1997)
and the size of the tract determines the resonance fre-
quencies of calls (Fant 1960; Lieberman & Blumstein
1988; Moore 1992). The resonance frequencies, known as
formant frequencies, are emphasized frequencies within
vocalizations (Fig. 1). Fitch (1997) showed that in rhesus
macaques, Macaca mulatta, the length of the vocal tract
and the formant frequencies produced are both related to
body size. The same is probably true in baboons (Owren
et al. 1997). More precisely, it is the difference in fre-
quency between successive formant frequencies (formant
dispersion) that correlates with body size. Larger indi-
viduals have smaller differences between the formant
frequencies (Fitch 1997). This information could be used
by other individuals to infer body size.
 2000 The Association for the Study of Animal Behaviour
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Vowels are produced with an open vocal tract (Baer
et al. 1991), so the acoustic parameters are determined
less by the position of the tongue and soft palate, and
more by the length and shape of the vocal tract (Baer
et al. 1991; Moore 1992; Maurer et al. 1996). Since vowels
contain formant frequencies, information on body size
may be conveyed by human vowel sounds.

A great deal of work has been done on how character-
istics of the human voice influence judgements about
speakers. It is known that sex (Bennett & Montero-Diaz
1982; Childers & Wu 1991, from vowels alone), age
(Linville 1996; Mulac & Giles 1996), and race (Lass et al.
1979; Walton & Orlikoff 1994) can be identified by listen-
ers. The cues that are used to assess the sex of the speaker
are related to both the fundamental (lowest frequency
produced; Fig. 1) and formant frequencies (Whiteside
1998a, b). Men have lower formant frequencies that are
closer together (Childers & Wu 1991), that is, there is less
formant dispersion (Fitch 1997). Listeners also make
judgements about the relative masculinity of male
speech. Speech judged less masculine has higher second
formant frequencies of some vowels, and differences in
the frequency change across vowels (Avery & Liss 1996).

van Dommelen & Moxness (1995) investigated
whether listeners could judge the height and weight of
speakers, from recitations of words or short paragraphs
(see also Lass & Davies 1976; Lass et al. 1980). Male height
and weight were estimated accurately, especially by men.
However, these estimates were based on the rate of
speech, although listeners ‘thought’ they were basing
their judgement on the frequency of the voice (van
Dommelen & Moxness 1995). None of the frequency
parameters was related to weight or height.

No work has been conducted on human female prefer-
ence for male voices. However, there has been extensive
investigation of the effect of male characteristics, other
than voice, on female mate choice (review Barber 1995).
My aims were (1) to investigate whether male body size
can be assessed by vocal characteristics such as formant
dispersion and (2) to evaluate agreement between female
judgements about individual characteristics based on
listening to male voices, a prerequisite for sexual selection
through female choice of male voice.
METHODS
Subjects and Recordings

The speakers were 34 males aged 18–30 years (mean
22.41 years), all Dutch natives. Voices were recorded by
three groups of experimenters using a Sony TC D5 tape
recorder and Sennheiser MKH 70 microphone. The
microphone was held at 30 cm and a constant recording
sound level was used. Each male was asked to say the five
vowels five times in their normal voice, at a constant
speed: A, as in normal; E, as in say; I, as in see; O, as in no;
U, duel (the Dutch U is not a sound used in English; duel
is the closest approximation).

Groups 1 and 2 consisted of 10 men and group 3 of 14
men. When the subjects were recorded, a number of body
measures were taken: weight (range 51–89 kg), shoulder
width (34–45 cm), hip width (31–43 cm), chest circumfer-
ence (82–103 cm) and height (1.64–2.05 m). The hip to
shoulder width ratio (0.97–1.41) was also calculated.
Group 1 males were asked whether they had chest hair
(6/10 men answered ‘yes’).
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Figure 1. Power spectrums of the vowel O. (a) HD n=harmonic
difference (harmonic spacing is the mean of HD 1–5); Hn=harmonic
peak frequency; F0=fundamental frequency. (b) Fp=peak fre-
quency; Fn=formant frequency; Dn=difference in formants (formant
dispersion is the mean of D 1–5).
Analysis of Vowels

Logarithmic Power Spectrums were made of the vowels
(A E I O U=one series) using the Avisoft SAS lab sound
analysis program (sampling frequency 11 kHz, smoothed
over 20 Hz for clarity, and normalized to maximum). For
analysis, I used only the vowel series 2, 3 and 4, as
speakers tended to intonate series 1 and 5 differently.

The following measures were calculated from the
spectrum (Fig. 1): peak frequency of each the first five
harmonics (harmonic peaks), overall peak frequency
(overall peak), mean spacing in frequency between the
harmonics (harmonic spacing) and the peak frequency of
the first three, four or five formant frequencies (in some
subjects the higher formant frequencies were not measur-
able for certain vowels). For the first two parameters I
calculated the average over all five vowels in each of the
three sets. For harmonic spacing and formant dispersion a
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mean was taken for each vowel in each series, and then
an overall mean across the three series. For individuals
with few, or no, fourth and fifth formant frequencies, I
calculated formant dispersion with all available data for
an individual (as in Fitch 1997). The average formant
frequencies (1–5) over the three sets of vowels were
calculated for each individual letter.

In addition, I calculated the coefficient of variation
(variance/mean�100) for the harmonic spacing within
each individual, as I hypothesized that what is often
described as voice roughness (variable harmonics) may be
used as a judgement criterion.

In speech analysis the Linear Predictive Coding tech-
nique is generally used to measure formant frequencies
(e.g. Childers & Wu 1991; Fitch 1997). However, the
mean formant frequencies calculated here are similar to
those found using this technique.
Stimulus Series

One stimulus tape was made from each of the three
subject groups. A series of vowels (one of the middle three
series) from each speaker was recorded on to the ‘test’
tape, the speed of utterance of the vowels and the ampli-
tude equalized in Avisoft. For each group of judges, the
subject voices were recorded on to the preference tape in
five different speaker orders. The vowels themselves were
always in the same order as initially recorded, A E I O U.
Preference Tests

As judges, I used 54 native Dutch women, aged 18–30
(mean age 21.1 years), none of whom knew the speakers.
There were three groups of judges: group 1 (22 judges)
and group 2 (21 judges), each of which heard a preference
tape with 10 voices, and group 3 (11 judges) who listened
to the tape with 14 voices. For groups 1 and 2, the
preference tests were conducted by two experimenters in
two different rooms, so in effect there was a group 1a (10
judges) and 1b (12 judges), and group 2a (10 judges) and
2b (11 judges).

All tests were conducted in a quiet room; the stimulus
voices were played twice through headphones at constant
amplitude. Each order of voices was used in rotation
within a group. Judges were given a questionnaire and
asked to score the following: (1) the attractiveness of the
man to whom the voice belonged (scale of 1–10: 10 being
the most attractive), (2) the speaker’s weight and (3) his
age (they were told the men were between 18 and 30).
Some groups were asked additional questions: group 3
were asked to guess the body type (scale of 1–3; from slim
to muscled); group 1 (a and b) were asked to guess
whether the speaker had a hairy chest (yes=1, no=0) and
to estimate the speaker’s height (1a only).
Analysis of Judgements

The estimate for body type was calculated as the mean
judgement of the 11 judges (range 1.2–2.4). A chest hair
estimate score was calculated from the total number of
‘yes’ judgements for each voice in group 1 (range 1–18).
For each voice the mean attractiveness, estimated weight,
height and age were calculated. However, for weight,
height and age, subjects began with an estimate for the
first voice heard, then increased or decreased for subse-
quent voices. Thus, the range in estimations for different
women within a group varied, for example from 70 to
80 kg for one judge and from 80 to 100 kg for another.
Therefore, a Kendall rank score (from the Kendall coef-
ficient of concordance) for all the judges’ estimates except
chest hair and body type, was calculated. This ranks a
judge’s scores from lowest to highest and takes the mean
rank for each speaker from all judges. The scores from
group 3 were corrected (score �10/14), as there were 14
voices and, therefore, 14 ranks rather than 10.
Table 1. Results of ANCOVA (correcting for group membership) or
Pearson correlation analysis, all groups combined, N=34 all tests

Variables
R value (unless

stated otherwise) P

Weight and chest 0.75 <0.001
Weight and hip r2=0.71 <0.001
Chest and hip r2=0.25 0.002
Weight and height 0.51 0.002
Peak frequency and

all harmonics 0.534–0.594 0.001
Harmonic spacing and

harmonics (1st–5th) 0.985–0.998 <0.001
Harmonics 1 to 5 with

each other 0.987–0.997 <0.001
Harmonic spacing and

peak frequency 0.59 <0.001
Statistical Analysis

Some male body measures differed between the three
groups (one-way ANOVA), chest and hip width, and age.
Therefore I used ANCOVA (controlling for group) to look
for relationships within body measures containing these
parameters, and Pearson correlations otherwise. There
were strong correlations within both body and vocal
characters (Table 1). Spearman correlation was used for
chest and body type estimates.

Two principal component analyses with varimax rota-
tion were performed to reduce the number of variables,
first on the body measures (not including age):

Component 1=body size; explains 44% of the variance;
heavy, tall men with large hips and shoulders have a high
score.

Component 2=body shape; 30.8% of the variance; men
with large shoulders and small hips have a high score.

Second, on the vocal parameters:
Component 1=harmonic peaks and overall peak fre-

quency; explains 29% of the variance; voices with more
widely spaced harmonics and higher peak frequencies
have a high score.

Component 2=third and ‘I’ formant frequencies;
explains 15.2% of the variance; voices with higher
formant frequencies have a high score.
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Component 3=first and ‘A’ formant frequencies;
explains 13.5% of the variance; voices with higher
formant frequencies have a high score.

Component 4=‘O’ formant frequencies and formant
dispersion; explains 13.3% of the variance; voices with
higher formant frequencies and wider formant dispersion
have a high score.

The fourth and fifth formant frequencies were not in
the principal component analysis as they were not
present for all speakers. One speaker (group 3) had miss-
ing third formant frequencies on two letters, so no com-
ponents were calculated for this male. Therefore, in
analyses involving one of the four components there is
one fewer data point, that is, 13 or 33 rather than 14 or
34.

Agreement between judges was calculated with the
Kendall coefficient of concordance, except for chest hair
estimates (as scores are 1 or 0). For this parameter the
number of ‘yes’ answers were added up for each of the
two groups of 10 women who heard group 1 voices, and
agreement between the two groups analysed by Spearman
correlations. All analyses were conducted with SPSS
version 8.0. All significant results are reported as such
after Bonferroni corrections. Tests are two tailed.
RESULTS
Acoustic Parameters and Body Characteristics

Regression analyses were conducted with the body
components as independent variables and the vocal com-
ponents and voice roughness (coefficient of variance in
harmonics) as dependent variables. In addition, regres-
sions on to the body components were conducted with
formant dispersion calculated from all formant fre-
quencies, and from only formant frequencies 3–5 (less
likely to be determined by the specific vowel in question).
None of the regression analyses was significant.
Acoustic Parameters and Listener Judgements
Agreement between judges
The judges in groups 1a and 1b agreed on whether a

voice belonged to a man with chest hair (Spearman
correlation coefficient: rs=0.864, N=10, P<0.001; Fig. 2).
In all groups judges agreed on the attractiveness, weight
and age of the speaker (Kendall coefficient of concord-
ance: Table 2). Judges (group 2) also agreed on the body
type (W=0.19, N=14, P<0.05) and height of the speaker
group 1a: W=0.23, N=10, P<0.05). For subsequent analy-
ses, the subgroups (a, b) are combined within groups 1
and 2. In all three groups together the judgments of
attractiveness, age and weight (Kendall rank values) were
significantly correlated with each other (age–weight,
r=0.73, N=34, P<0.001: age–attractiveness, r=0.46, N=34,
P<0.01: weight–attractiveness, r=0.56, N=34, P<0.01).
Judgements and acoustic characteristics
All regression analyses on judgements were conducted

with the four vocal characteristic components as
independent variables and the Kendall rank judgement
scores as dependent variables. The harmonics factor was
related negatively to a number of different judgements.
Voices with smaller differences between the harmonics,
and lower frequency harmonics (the harmonics compo-
nent), were judged as: more attractive (regression:
F1,32=7.5, P<0.01, R2=0.17; Fig. 3a); heavier (F1,32=27.02,
P<0.001, R2=0.45; Fig. 3b); older (F1,32=15.9, P<0.01,
R2=0.32; Fig. 3c); more likely to have chest hair
(rs= �0.855, N=10, P<0.003; Fig. 3d), group 1; taller
(F1,8=6.9, P<0.05, R2=0.40), group 1a; and more muscular
(rs= �0.69, N=13, P<0.01), group 3.

Men judged as more attractive may be estimated as
heavier, taller and older because of their presumed attrac-
tiveness. However, in a stepwise regression the attractive-
ness rank was not significantly related to estimated weight
or age when the harmonics component was entered.
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Figure 2. The relationship between groups 1a and 1b in the number
of judges estimating whether a particular man had chest hair or not
(N=10).
Table 2. Kendall coefficients of concordance, a measure of the
agreement between judges

Attractiveness Weight Age

Group 1
χ2 25.70 65.90 66.30
W 0.238 0.610 0.614
P <0.005 <0.001 <0.001

Group 2
χ2 58.12 61.57 57.24
W 0.307 0.342 0.303
P <0.001 <0.001 <0.001

Group 3
χ2 38.70 47.19 32.87
W 0.298 0.363 0.253
P <0.001 <0.001 <0.005

N=10 subjects in groups 1 and 2 and 14 in group 3.
Judgements and male physical characteristics
The estimated weight was predicted by the actual

weight of the speaker (F1,32=10.4, P=0.005, R2=0.22;
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Fig. 4), even though there was no relationship between
the harmonics component (related to estimated weight)
and actual body weight (F1,31=0.84, NS). The estimated
age of the speaker was not predicted by the age of the
speaker, in fact in two of the three groups the relationship
was negative. The number of judges guessing a speaker
had chest hair was not different between men with and
without chest hair (Mann–Whitney U test: U=8, N1=4,
N2=6, NS). There was no relationship between estimated
and the actual height (group 1a; Spearman correlation:
rs=0.06, N=10, NS).
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Figure 3. The relationship between the harmonics component and (a) attractiveness rank; (b) estimated weight rank; (c) estimated age rank;
and (d) estimated presence of chest hair. (a–c) N=34, (d) N=10. (Low scores on the component mean close together harmonics.)
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Figure 4. The relationship between estimated weight and actual
weight of subject; N=34.
DISCUSSION

There are four main results. First there was no correlation
between male vocal and body characteristics. Second,
women made a number of judgements about men based
on their spoken vowel sounds. In general, women found
men’s voices with harmonics that are closer together and
lower in frequency more attractive. They also estimated
these men as being heavier, older, more likely to have a
hairy chest and more likely to have a muscular body type.
Third, women strongly agreed about these physical char-
acteristics associated with a male voice. Finally, weight
was reliably estimated from the voice, but age, height and
hairiness of chest were not. Given the results of previous
studies, it is unlikely that these results apply only to
Dutch women judges and Dutch male speakers.

I shall first discuss the relationship (or lack of) between
body characteristics and vocal characteristics of the
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speaker. As stated earlier, less masculine sounding
speakers have higher formant frequencies, among other
characteristics (Avery & Liss 1996), but there was no
relationship between formant frequencies and body char-
acteristics or judgements in this study. By far the best
predictor of the formant frequencies in humans is the
particular vowel being spoken (Maurer et al. 1996). How-
ever, formant dispersion might still indicate body size, as
the length of the vocal tract should constrain formant
production. A possible explanation for the lack of rela-
tionship was offered by Fitch (1994): in humans the vocal
tract may be disassociated from skeletal size because the
larynx has descended to a position deeper in the throat.
This descent is relatively greater in men than women
(Fitch 1994). However, it seems that although men have
deeper voices with lower formant dispersion, and heavier
bodies than women, within men there is no relationship
between a larger body and a voice with lower formant
dispersion.

I hypothesized that there may be a relationship
between indicators of testosterone level and fundamental
(lowest) frequency. While I did not measure testosterone
directly, subjects were asked whether they had chest hair,
and their hip and shoulder widths were measured and
used to calculate a shoulder:hip ratio, which is related to
levels of testosterone (Kasperk et al. 1997). However, I
found no association between the above and any
measures of vocal characteristics. Perhaps measures of
actual testosterone levels, in particular during adoles-
cence, may be related to the fundamental frequency of
the voice, through its effect on vocal fold measures
(Hollien 1960; Beckford et al. 1985).

The judgements made by the women about the voices
were highly dependent upon male vocal characteristics.
Although there was no relationship between body and
vocal characteristics, women used vocal characteristics to
infer physical characters. Voices with close harmonic
structure and lower frequency harmonics were perceived
as belonging to older, heavier, taller, hairier and more
attractive men.

The estimated and actual weights were correlated sug-
gesting that the women were using an honest cue of
body size in the male voice to estimate weight. However,
the strongest predictor of estimated weight was the
harmonics component, which was not correlated with
body size. Perhaps this component provides a good
approximation to the weight of the speaker, or there
might have been vocal cues not measured that were
related to speaker weight. For all other judgements, the
women in this study were incorrect about the actual
characteristics of the speaker. Simply raising the vocal
frequency is not enough to render male speech less
masculine sounding (Childers & Wu 1991), further evi-
dence that voice ‘depth’ does not allow assessment of
masculinity.

So why do women make these incorrect judgments and
why use harmonic characteristics as a guide? One possible
explanation is a kind of peak shift effect (Weary et al.
1993). Peak shift causes a stronger response to stimuli
that are at the extremes of the distributions of each
category, furthest from the mean for the alternative
category. It is possible that male voices with parameters
towards the boundaries of the distribution for men are
furthest from the mean parameters for women. In effect,
they are seen as being more masculine. They may also be
assumed to have body characteristics that are more
masculine. A second explanation may simply be that the
categorical differences between men and women might
be taken to imply correlations within the categories, such
that men with deeper voices are assumed to be more
masculine, a cognitive rather than perceptual effect
(Wittenbrink et al. 1998).

Third, Brunswick (1955) suggested that perception of
objects (sounds in this case) is based on a complex series
of cues, many of which are unreliable. Since cues are
probabilistic (not fully dependable), a perceiver must
make a perceptual compromise between the cues in order
to make a judgment. The perceiver must still arrive at
rapid and generally valid judgements regarding the
object. In this experiment women used the depth of
vocal frequency to judge weight (high functional
validity), although this was not ecologically valid (to use
Brunswick’s terminology).

Another possibility is that cultural traditions give rise to
the perceived association. In movies and television larger
men have deeper voices. This may reflect preconceptions,
or may give rise to those preconceptions. Whichever is
cause and which effect, it seems certain that larger men
are expected to have deeper voices. In a recent film
magazine (Park 1999) it was stated that for the voices of
both Darth Vader and the current Star Wars villain, a
‘voice over’ was used, the reason being that although the
actors had large bodies their voices were not deep enough
to be convincing. This kind of reasoning could give rise to
cultural expectations of an association between body size
and a low-frequency voice.

A further explanation could be that there was an
association between the harmonic frequency of vocaliz-
ations and body characteristics before the development of
language. These now unreliable judgements might have
been useful in evolutionary history.

It is hard to imagine a situation where women cannot
visually as well as aurally interact with a man, but this
does not mean that vocal cues are not used in mate
choice. Scent is important in mate choice (Wedekind &
Furi 1997) because it provides information not available
from visual cues. The same may be true for vocal cues.

Since nonhuman primate vocalizations, such as the
grunts of baboons and coos of macaques, are similar to
prelinguistic human vocalizations (Locke & Snow 1997),
the same components probably influenced the evolution
of the frequency characteristics. In nonhuman primates,
vocalizations are important in male–male competition,
and may have evolved to communicate over long dis-
tances (Hauser 1993; Mitani & Stuht 1998). In previous
studies men were better at estimating male weight from
vocalizations than women, perhaps because of the impor-
tance of accurately assessing opponents during intra-
sexual competition (Fitch & Hauser 1995). However, it is
in the interests of females to pay attention to vocaliz-
ations as an indicator of the dominance rank of a male
(for references see Qvarnstrom & Forsgren 1998). The
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deepening of human male voices compared to women
may be due to selection pressure from competition with
other ‘males, the environment, and a weaker selection
pressure from women’s preference for deeper voices. In
future work we shall look at judgements of male voices by
males, to see if the same judgements are made.
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